0 to 10 mm, PM010) and PE3 with the ratio of 7:3 (v/v). The media were used to fill the 72-cell plug trays (cell volume 72 mL) and seeds were sown. After germination, the seedlings were grown in the growth chamber. The application of 13-2-13, 15-0-15, and 20-9-20 commercial analysis (N-P 2 O 5 -K 2 O) fertilizers in sequence began at the seedling stage 2 (cotyledon emergence) and the feeding solution nutrient concentrations were varied in three different treatments with 25 mg·L -1 N level increments each week: PPF 1 (0-100 mg·L ). The seedling trays were sub-irrigated with the fertilizer solution when the weight of each tray was reduced to 40 to 50% from container capacity. After 1, 2, 4 and 5 weeks after seed sowing, pH, EC and macronutrient element concentrations were analyzed and the growth of seedlings were measured 5 weeks after sowing. The fresh and dry weights of the seedling were heavier in the treatments of higher EC among the fertilization PPF 1 and 2, compared to those grown in PPF 3. The upward movement of fertilizer solution by capillary action resulted in the increase in electrical conductivity (EC) in the upper part of root substrate when the EC was measured separately for the upper, middle, and bottom portion of the growing media. The highest EC in the upper part of root media among all treatments was 2.7 dS·m -1 , suggesting the leaching of nutrients by overhead irrigation is necessary when substrate EC rise is a concern. The changes of Na + , NO 3 --N and K + concentrations in root substrate during seedling culture had a similar trend as changes in EC. The macronutrient concentrations of Ca
2+
, Mg 2+ and PO 4 3--P were lowered in the treatments of low or high substrate pH. In summary, the use of 13-2-13, 15-0-15 and 20-9-20 Three kinds of fertilizers, 13-2-13, 15-0-15, and 20-9-20 (N-P 2 O 5 -K 2 O), were fertigated in sequence as sub-irrigation and the fertilizer concentrations were based on the nitrogen (N).
x S1: from sowing to radicle emergence; S2: from radicle emergence to cotyledon expansion; S3: from cotyledon expansion to emergence of two true leaves; S4: from two true leaves to transplant. (Marschner, 2012) . 이와 같이 판단하는 이유는 시간이 경과함에 따라 PPF 2와 3의 육묘 5주 후 EC(포화추출법으로 측정; Warncke, 1986 )는 2.0dS·m -1 이상이었으며, Bunt(1988 )나 Nelson(2003 또는 Styer and Koranski(1997) 
